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FORM REGULATION IN CERIANTHUS, IL. 


Tue EFrect oF PosiTION, SIZE AND OTHER FAacToRS UPON 
REGENERATION.—{ Continued.) 


Cc. M. CHILD. 
II. Discussion oF RESULTS. 
_ The Factor of Position. 


In the experiments described above, which were selected from 
a large number, the effect of position on regeneration has ap- 
peared in every case. Considering first the effect of position on 
the rapidity of regeneration, we find that in each series the 
rapidity of regeneration is dependent on the position which the 
piece occupied in the parent body, a decrease in the rapidity of 
regeneration occurring with increasing distance from the oral 
end. This relation holds for the aboral ends of pieces as well 
as for the oral ends, though the regenerative phenomena at the 
aboral ends are in most cases less sharply defined than at the 
oral ends. Further analysis is possible in such series as 54 and 
55. The oral ends of the two sets of pieces 544 and 554 are 
situated at approximately the same level of the body, but the 
aboral ends of the pieces 544 are much nearer the aboral end of 
the parent body than those of 554. The data given above for 
this series show very clearly that the rapidity of regeneration at 
the oral ends of both sets of pieces was equal, except in the final 
stages, while at the aboral ends it was much greater in the shorter 
pieces, 7. ¢., those in which the aboral cut surface was near the 
oral end of the parent body. From these experiments we may 
conclude that the two ends of a piece regenerate independently of 
each other, at least to a certain extent, the result depending in 
each case on the level which a particular cut surface occupied in 
the parent body. 

Near the aboral end the regenerative capacity is reduced nearly 
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or quite to zero, cut surfaces at this level showing no regeneration 
beyond the union of ectoderm and entoderm over the cut mus- 
cular layer. 

The influence of temperature in determining the level at which 
the regenerative power is reduced to zero will be discussed in 
another section. As regards the amount of regeneration, the 
effect of position is similar to its effect on rapidity. Not only is 
there a decrease in the rapidity of regeneration toward the aboral 
ends, but the total amount of oral or aboral regeneration also de- 
creases in the same manner. In certain cases, as in Series 54, 
55 and 35, the difference in size of pieces may counteract the 
effect of position in later stages of regeneration, so that short 
pieces show slightly less oral regeneration than long pieces with 
oral ends at the same level (Series 544 and 554), or the amount 
of oral regeneration on long aboral pieces may equal that on 
much shorter pieces from a region nearer the oral end (Series 35, 
A and &). But aside from exceptions of this kind the rapidity 
and the amount of regeneration depend upon the level in the 
parent body from which the cut surface is taken, both being 
greatest at the oral end and decreasing aborally. 

The existence of a difference in regenerative power at different 
levels of the body being established, the question as to its nature 
and significance next requires consideration. I believe that-it may 
be due in part to a difference in the general reactive capacity of 
the tissues in the different regions, 7. ¢., to a decrease in the re- 
active power of the tissues with increasing distance from the oral 
end. That such a difference does exist is indicated by various 
facts in the normal anatomy and physiology of the animal. 
We must consider first the anatomical features which bear upon 
this point. There is a marked decrease in the thickness of the 
body-wall and especially of the muscular layer, toward the aboral 
end ; the number of mesenteries also decreases toward the aboral 
end, until only a single pair remains ; all new mesenteries appear 
first at the oral end and extend gradually aborally, thus indicating 
that growth in circumference begins orally. The physiological 
differences of different regions which have been noted are: the 
greater sensitiveness of the oral region to tactile and other stim- 
uli, and the greater contractility of the muscles of this region 
when stimulated. 
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Since I am convinced that the power of regeneration is due, 
not to any special regulatory mechanism, but to those properties 
of organized matter which cause “normal” or “‘typical’’ growth 
and differentiation, I believe that the differences in regenerative 
power and the differences in normal anatomical and physiological 
reactive capacity must all depend, at least in some degree, on the 
general reactive capacity of the tissues. 

The differences in reactive capacity in different regions may be 
due to differences in the intensity of metabolic change, or they 
may depend upon other conditions. It is of interest to note in 
this connection that the differentiation and concentration of ner- 
vous tissue is greatest about the oral end in the actinians. It is 
at least not impossible that this fact is correlated in some manner 
with those above mentioned. For the present, however, the pos- 
sibility of such a correlation is merely suggested as the data are 
still insufficient for positive conclusions. 

There is also a possibility that the difference in the rapidity 
and amount of regeneration at different levels may be due in part 
to differences in internal pressure resulting from circulatory cur- 
rents in the enteron. Discussion of this phase of the problem is, 
however, reserved for a future time. 


The Factor of Size. 


My observations along this line are to a large extent merely 
incidental, since, owing to the relatively slight influence of this 
factor, its effects were not clearly recognized until it was too late 
to complete the series of experiments necessary for further study. 
Certain conclusions may, however, be drawn from my work and 
these are briefly mentioned here. 

It is evident from Series 54and 55 that great differences in size 
of pieces do not affect the rapidity of regeneration in earlier 
stages. The pieces 544 and 554A, although widely different in 
size, regenerate orally with equal rapidity except in the final 
stages. Aborally the smaller piece regenerates more rapidly than 
the larger because its aboral end lies in a region of greater cellu- 
lar activity. As regards the total amount of regeneration at both 
ends the small piece exceeds the laige piece, because of its posi- 
tion in the parent body. The only effect of size was noted 
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at the final stage of the experiment when it was seen that 
the smaller pieces were falling behind the larger pieces with re- 
spect to size of the regenerated structures. In Series 35 the 
possible effect of size upon the final result was noted, but here 
also there was no visible effect during the earlier stages. 

The results afforded by these two series are confirmed by a 
large number of experiments. In no case, when pieces were 
above a certain minimal size, could any effect of size upon rapid- 
ity of regeneration be observed during the earlier stages. In the 
later stages it was found that regeneration became less rapid and 
ceased in the smaller pieces earlier than in the larger. Even in 
this respect differences were slight in pieces of widely different 
size. 

The amount of regeneration is then not proportional to the 
size of the piece. As regards both oral and aboral cut surfaces 
smaller pieces show a relatively much greater amount of regen- 
eration than larger pieces ending at the same level. In a piece 
one tenth the length of the body the tentacles regenerate at first 
with the same rapidity as in a piece nine times as long. Only 
after the tentacles are well formed and several millimeters in 
length does a difference appear. In many pieces so short that 
they appeared to consist only of the regenerated disc and ten- 
tacles these organs were of the same size up to a late stage as in 
pieces many times as large. 

As regards the nature of the effect of size in regeneration in 
Cerianthus and in many other forms a few points which have 
suggested themselves to me may be discussed in the hope of aid- 
ing in the analysis of this phase of the problem. It may be 
stated as a general rule that as regeneration advances the stim- 
ulus to regeneration diminishes. We may suppose that a certain 
amount of material or energy is necessary for the production of 
regenerated structures of a certain size. This energy is derived 
from the substance of the body in cases like the present where 
no food is supplied. The smaller pieces possess of course a 


smaller amount of material or energy available for regeneration. 
This is sufficient, however, for the earlier stages, but as the 
amount diminishes it is probably given up less readily by the 
other tissues. The well-known regulative power of animal tis- 
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sues during starvation supports this view. Now as regeneration 
advances it is clear that in the smaller pieces the point where the 
stimulus to regeneration is no longer sufficient to cause the 
transfer of material or energy from the other tissues, would be 
reached earlier than in larger where the total supply of available 
material is much greater. Consequently regeneration in the 
smaller piece is retarded earlier than in the larger, even though 
the stimulus may be as great. The small piece is not neces- 
sarily exhausted, for if a new cut is made it may regenerate 
again, but the reserve supplies are held so closely by the other 
tissues that the decreasing regenerative stimulus is insufficient to 
render them available. A new cut surface means an increased 
stimulus, and under these conditions material which was not 
available during the later stages of the preceding regeneration 
may now be made available by the increased stimulus, though in 
this second regeneration the supply will run out sooner than 
before. 

In the larger pieces of Cerianthus it is probable that the stim- 
ulus to regeneration ceases, or reaches the level of normal rep- 
arative stimuli, before a shortage of material occurs. A con- 
venient designation for the condition of the smaller pieces is 
“relative exhaustion.” They are not absolutely exhausted, since 
they may regenerate further under sufficiently powerful stimulus ; 
they are, however, exhausted so far as the stimulus to which 
they are subjected is concerned. There is nothing new in the 
idea of relative exhaustion ; it is a well-known phenomenon in 
biology and its role in regulative phenomena is undoubtedly im- 
portant. 

It has been impossible to determine with any degree of exact- 
ness the minimal size of pieces in which regeneration is possible. 
In small pieces the inrolling of the cut margins becomes so irregu- 
lar that the piece often takes a form in which normal regenera- 
tion is impossible simply because of the relative position of parts. 
Moreover, since the regenerative power is different at different 
levels the minimal size of pieces differs according to the region of 
the body from which they are taken. Short pieces in the 
cesophageal region are not available for the aboral cut margin 
of the cesophagus unites with the aboral cut margin of the body- 
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wall, thus producing a condition in which the cesophagus opens 
aborally as well as orally to the exterior and the enteron is com- 
pletely closed. As will be shown at another time, regeneration 
in such pieces is always slight. 

The smallest pieces in which normal regeneration has been ob- 
served were about one twentieth of the body-length and from 
the region just posterior tothe cesophagus. When the regenera- 
tion was complete these pieces appeared to consist of little but 
tentacles and disc, which were only slightly smaller than in 
pieces many times as large. My observations prove that typical 
regeneration is possible in very small portions of the body, pro- 
vided they represent complete transverse or oblique sections of 
the body ; pieces in which the transverse continuity is inter- 
rupted roll up in such manner that typical regeneration can 
never occur. 


The Effect of Temperature on Regeneration. 


No special experiments in relation to temperature were per- 
formed, but my work upon Cerianthus extended from September, 
1902, to February, 1903. In September the temperature of the 
water was very high ; during October, as the weather became 
cooler, it fell gradually and continued to do so as long as ob- 
served, 7. ¢., until February. A comparison of similar series of 
pieces begun at different times during this period affords an inter- 
esting illustration of the effect of temperature. The various 
series for which data are given in this paper will serve for this 
purpose. } 

Series 22 was begun September 24; Series 35, October 20; 
Series 45, November 7; Series 54, 55 and 56, December 15. 
If the series be considered in this order a considerable decrease in 
the rapidity of regeneration is noticeable. In Series 22, Septem- 
ber 24, the marginal tentacles first appeared in the pieces 4 four 
days after section. In Series 54, 55, 56, December 15, the mar- 
ginal tentacles in the pieces A from about the same level of the 
body as Series 224 appeared eleven days after section. Between 
these two extremes lie the other series, and in every case the 
later in the season the series was begun the less rapid the regen- 
eration. It is not necessary to go over the data in detail to 
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illustrate this point. In general it may be stated that the rapidity 
of regeneration in winter during the earlier stages is only about 
one third of the rapidity in summer. 

The amount of regeneration as well as the rapidity also differs 
with the season. During September and October regenerated 
tentacles attained a length about twice as great as in similar pieces 
during January and February. 

The length of time during which increase of size in regenerated 
structures, ¢. g., tentacles, continues does not differ widely at high 
and low temperatures, and since regeneration is less rapid it is 
evident that the total amount must decrease with the temperature. 

The most interesting point in connection with the effect of 
temperature on regeneration is the increase in size of the region 
at the aboral end in which regeneration does not occur. During 
the earlier months of my work the only pieces which failed to 
regenerate were the aboral tips comprising about one eighth of 
the body-length. Later, as illustrated in Series 45, an aboral 
piece about one fifth of the body-length failed to regenerate. In 
December, January and February pieces comprising more than 
the aboral third failed to regenerate or showed only slight traces 
of regeneration, as in Series 568. Thus the portion of the body 
incapable of regeneration increases as temperature decreases. 

In general, the effect of temperature upon regeneration in 
Cerianthus is what might be expected, since the activities of liv- 
ing substance in general increase and decrease with the tempera- 
ture. At high temperatures it is only the extreme aboral end 
which cannot regenerate typically. From this “inactive” region 
regenerative power increases toward the oral end. As the tem- 
perature falls the limit of “ inactivity’ must advance toward the 
oral end, and more and more of the body be included in it. 


The Number of Regenerated Tentacles. 


It was determined that the number of tentacles regenerated is 
always less than the original number, and furthermore, that it 
decreases as the distance between the oral end of the piece and 
the oral end of the body increases. 

It is difficult to determine with certainty the number of ten- 
tacles in living specimens of C. so/¢/arius, but in fixed material 
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they can readily be counted. A considerable amount of material 
fixed for this purpose was lost by accident when too late to re- 
place it, so that exact data cannot be given at present. The 
decrease in the number of tentacles with increasing distance from 


the oral end is, however, always noticeable even on cursory ex- 
amination of the pieces. 

Another spieces was also employed for this purpose, viz: the 
small, whitish, undetermined species mentioned in the preceding 
paper. In this form the tentacles are much less numerous than 
in C. solitarius, and can usually be counted without difficulty in 
the living specimen. This species differs somewhat from C. so/t- 
tarius in the extent of regenerative capacity, but the course of 
regeneration is the same, and since the structure is in general 
similar to that of the other members of the family, the results 
obtained from this species may be accepted as typical. In all 
cases the regenerated tentacles were counted only after they had 
attained a length of several millimeters ; time being thus afforded 
for the establishment of the small tentacles in the growing region, 
which sometimes regenerate somewhat later than the others. 
Only marginal tentacles were counted since the labial tentacles 
are fewer in number than the intermesenterial chambers and re- 
generate less regularly than the marginal tentacles. The follow- 
ing series are given as examples : 

Series 2, October 7. — Original number of marginal tentacles 
21. After removal of disc and tentacles the 
WH body was cut into five pieecs, A, B, C, D, E ” 
hs (Fig. 8). Number of marginal tentacles re- : 
generated A, o, died; B, 15; C, 14; D, 13; 
| | £, o, did not regenerate. > 
| | Series 5, October 19. — Original number of Tt 
marginal tentacles 19. After removal of disc | |= 
g and tentacles body cut into five pieces, A, B, Ba 

UV C,D, & (Fig. 9). Number of marginal ten- con 
Fic. 8. tacles regenerated: A, 0, died; B, ws. C,.06; 2; 
13; &, 0, did not regenerate. 

These two series are sufficient to show that the number of ten- 
tacles regenerated depends on position and has no relation to size 
of the piece. In both series the piece BZ is only half the size of 
C, yet it regenerates a larger number of tentacles. 
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These relations ,hold for all cases recorded, and, since the mar- 
ginal tentacles correspond to the intermesenterial chambers, they 
are exactly what might be expected. The number of marginal 
tentacles which regenerate on a given piece is determined by the 
number of intermesenterial chambers which it possesses, or the 
number which it acquires by regeneration of mesenteries. The 
arrangement of mesenteries in Certanthus was described in the 
preceding paper. All mesenteries appear first at the oral end 
and extend gradually in the aboral direction. In general, the 
younger a mesentery the less its length. Consequently as we 
pass aborally the number of mesenteries actually present de- 
creases. After section at any level where regeneration is possible 
a powerful stimulus to growth exists; the mesenteries which 
extend into the piece remain and become united with the new 
cesophagus and others regenerate. It appears that the power 
to regenerate a given mesentery extends for a certain distance 
aboral to the end of that mesentery and since the mesenteries 
terminate at all levels we may now conclude that the “ determi- 
nation ”’ of the body-wall for the regeneration of mesenteries shows 
a similar arrangement. Thus the youngest, shortest mesenteries 
can be regenerated only within a very short distance from the 
oral end, the next older and longer within a somewhat greater 
distance, and so on. The experimental results confirm and es- 
tablish this conclusion in every case. The addition of new 
material to the body of Cerianthus in producing increase in cir- 
cumference and number of tentacles and mesenteries may be 
conceived as a wedge of material which enters the body-wall at 
the oral end and continually forces its way aborally, thus sepa- 
rating the older parts of the body more and more widely. This 
conception of the method of growth in the transverse direction 
agrees with the view expressed above that the general reactive 
capacity of the tissues is greatest at the oral end. The stimulus 
to the formation of new mesenteries always becomes effective first 
at the oral end and from here gradually extends aborally until it 
is insufficient under ordinary conditions to give rise to a mesen- 
tery. Even at this level, however, a mesentery may be formed 
if the stimulus increases in intensity, or if the tissue becomes 
more susceptible to it. The resulting conditions give rise to rapid 
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growth and we may suppose that formative stimuli which were 
insufficient to produce visible results so long as the piece 
formed an integral part of the parent-body, either become more 
powerful after artificial section or else that the new embryonic 
tissue becomes more susceptible. 


A comparative account of the factors of position, size and tem- 
perature in C. solitarius and the other species studied is rendered 
unnecessary by the close agreement between all four species. 
Similar results were obtained in all cases. The only points worth 
noting here are slight differences in the degree of regenerative 
power. Certanthus membranaceus regenerates less rapidly than 
the other species. In the small whitish undetermined species the 
aboral region in which typical regeneration does not occur is 
relatively much longer than in C. sol/ttarius at the same tempera- 
tures. During October only about the aboral fifth or sixth of 
the body is incapable of regeneration or regenerates incompletely 
in C. solitarius, while in the other species a cut surface only a 
short distance aboral to the middle of the body is either incapable 
of regeneration or regenerates incompletely. This species is much 
less common than C. solitarius and was only rarely obtained ; no 
opportunity offered of determining its regenerative power during 
the colder months. Presumably, however, regeneration would 
have failed to occur except in the region near the oral end. 

One important result of this study may be summed up in the 
statement that the rapidity and the amount of regeneration in 
pieces from the body of Certanthus depend primarily on the pre- 
vious relations of pieces to the parent-body, z. ¢., on the position 
and consequent functional condition. This fact is of importance 
as indicating that the phenomena of regeneration are due not to 
any special regulatory mechanism which bring about return to a 
“normal ’’ or “typical’’ form, but to the same properties which 
cause growth and differentiation under normal conditions. 


SUMMARY. 


1. The power of regeneration from cut surfaces in Cerianthus 
is greatest at the oral end and decreases aborally, becoming null 
a certain distance from the aboral end. This decrease of regen- 
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erative power is shown by differences both in rapidity and in 
amount of regeneration. 

2. The size of the piece does not influence the rapidity or the 
amount of regeneration, except in the latest stages. Since the 
regenerative power is different at different levels, the minimal size 
of a piece capable of regeneration also differs at different levels, 
but inversely as the regenerative power. 


3. Rapidity and amount of regeneration increase and decrease 
with the temperature. 

4. The assumption of a special regulatory mechanism is not 
necessary for the explanation of form regulation in Cerianthus. 


HULL ZOOLOGICAL LABORATORY, 
UNIVERSITY OF CHICAGO, July, 1903. 














A STUDY OF THE RATE OF REGENERATION OF 
THE ARMS IN THE BRITTLE-STAR, OPHIO- 
GLYPHA LACERTOSA. 


CHARLES ZELENY. 


Two interesting internal factors regulating the rate of regenera- 
tion of the arms in the brittle-star, Ophioglypha lacertosa, were 
discovered in the course of a study of the problem at the Naples 
Zoblogical Station during the past winter (1902-03). As some 
months must elapse before a full discussion of the results can be 
published it has been thought advisable to give the general data 
in a preliminary paper. This seems especially desirable at the 
present time because of the high interest taken in the experi- 
mental evidences of a far-reaching correlation between the parts 
of the individual in both animals and plants. 

The experiments to be described give data which show that the 
rate of regeneration of the arms varies on the one hand with the 
size of the animal and on the other with the number of removed 
arms. The first-mentioned correlation gives a maximum rate of 
regeneration for the medium sized individuals with a pronounced 
decrease for the smaller as well as for the larger ones. The second 
correlation, with one exception to be mentioned, gives us an increase 
in the rate of regenerati§n of an arm as we pass from the cases 
with a smaller to those with a greater number of removed arms. 
The series with all five arms missing is excepted in the statement 
because the animals in this lot in every instance died or showed 
evidences of decay before the completion of the experiment. 

Method. — Forty-five perfect specimens were divided into five 
equal groups of nine each, care being taken to distribute them in 
such a way as to make the sets approximately equivalent as re- 
gards size of individuals. The operation consisted in the removal 
of one or more arms by a transverse cut at the disk level. In 
the first series one arm was removed, in the second two contiguous 
arms, in the third three contiguous arms, in the fourth four, and 
in the fifth five arms. The animals were kept in ten “ battery” 
jars, two for each series, and were not fed during the whole period 
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of the experiment. Measurements of the lengths of the regener- 
ating arms were taken 22, 33 and 46 days after the operation. 
As stated above the specimens in the series where all five arms 
were removed did not retain their vitality for a sufficient length 
of time to allow of comparison with the others and they will 
therefore be excluded from the following tabulation. 

As the rate of regeneration varies with the size of the animal 
as well as with the number of removed arms the proper relations 
can best be represented by means of curves. The figure accom- 
panying this paper gives the average of Series I. and II. (those 
with respectively one and two arms removed) in one curve and 
of Series III. and IV. (those with respectively three and four arms 
removed) in the other. The same arrangement is followed for 
each of the three measurements taken respectively 22 days, 33 
days and 46 days after the operation. This brings out the de- 
sired relations more clearly than would have been possible if all 
the individual data had been included. In the figure the abscissz 
give the size of the animal as represented by the disk diameter 
in millimeters. The ordinates give the length of the regener- 
ating arm or arms, also in millimeters. Inthe series where more 
than one arm was operated on the regeneration length as given 
is an average of all the regenerating arms of the individual. As 
the individual disk diameters are not exactly equivalent in the 
different series it was found convenient in taking the averages for 
the combination curves to use arbitrarily disk diameters equal to 
whole millimeters as the points for comparison. The curves in 
the figure are therefore constructed on this basis. The unbroken 
line in each case gives the average of Series I. and II. (one and 
two arms removed) and the broken line of Series III. and IV. 
(three and four arms removed). 

Statement of Data and Discussion. —The curves show very 
distinctly the correlation between the rate of regeneration and 
the size of the animal on the one hand and the number of re- 
moved arms on the other. 

1. Taking up first the size correlation we find that, starting 
with the smaller individuals, as we advance toward the larger 
ones there is a general increase up to a maximum at a diameter 
of 12to 15 mm. This is most striking in the two later meas- 










CHARLES ZELENY. 












































ll idl) 
3 a ape — 3 
2 IY vf | [ ea ee |2 
| oe be Po \ 
oT TT TAS 
i ean HW 
zo} — ° 
~ | | 1 | 
Seo ded 
£ 
4 big! | 5 
: et 
% af Leet td ‘ 
: fall 
% 3 7 ; 
3 4 =—— XN 
VGC NT a, 
a | | | 
— | | 
EET 





7° 8 9 10 IS 14 1§ 16 17 18 19 
Disk diameters in millimeters => 


Fic. 1. The abscissz. represent the disk diameters in millimeters and the ordinates 
the regenerated arm lengths, also in millimeters. The unbroken line gives the aver- 
age of Series I,-II, (the specimens with one and two arms removed). ‘The broken 
line gives the average of Series III.-IV. (the specimens with three and four arms re- 
moved). The uppermost curves show the conditions 22 days, the middle curves 33 
days, and the lowermost curves 46 days after the operation. 
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urements taken 33 days and 46 days after the operation. Thus in 
the 33-day measurement for Series I. and II. the regenerated 
length increases from 1.07 mm. for a disk diameter of 7 mm. to 
a maximum of 2.37 mm. for a disk diameter of 14 mm. and then 
goes down to .21 mm. for a 19-mm. diameter. Also for the 
Series III. and IV. at the same time the length increases from 
2.04 mm. at a diameter of 7 mm. to a maximum of 3.45 mm. at a 
12-mm. diameter and down again to 1.36 mm. at a diameter of 
18 mm. Zhe medium sized individuals thus have the maatmum 
rate of regeneration. 

2. More striking still is the very constant difference between 
the average of Series I. and II. as compared with Series III. and 
IV. This shows a very decided advantage in favor of the ani- 
mals with the greater number of removed arms. The difference 
is evident in the upper curves of the figure from measurements 
taken 22 days after the operation but becomes more striking in 
the 33-day and 46-day curves. For example, in the 33-day 
curve for a 12-mm. diameter (the diameter at which we have 
the maximum rate of regeneration of Series III. and IV.) we get 
a regenerated length of 2.08 mm. for Series I.-II. and of 3.45 
mm. for Series III.-IV., an advantage of 1.37 mm. or 66 per 
cent. in favor of the latter. Likewise at a diameter of 14 mm. 
(where the Series I.-II. has its maximum regeneration) we get 
2.37 mm. for Series I.-II. and 2.77 mm. for Series III.-IV., an 
advantage of .4 mm. or 17 percent. in favor of Series III.-IV. In a 
similar manner in the curves obtained from the 46-day measure- 
ments we get at'a 12-mm. disk diameter a regenerated length of 
2.46 mm. for Series I.-II. and 5.42 mm. for Series III.-IV., 
and at a 15-mm. diameter 3.14 mm. for Series I.-II. and 3.72 
mm. for Series III.-IV. which represents an advantage for the 
group with the greater number of removed arms of respectively 
2.96 mm. (= 120 per cent.) and .58 mm. (= 18 per cent.) for 
the two points named. 

We must therefore conclude that when more than one arm is 
removed the regenerative energy as expressed in the replacement 
of the lost arms is greatly increased. Not only is the total re- 
generative energy greater in this case but the energy expressed 
in each arm is greater than the total energy when only one is 
removed. 
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Expressing this in mathematical form, if £, represents the re- 
generative energy exhibited in the replacement of the lost arm 
when only one is removed, assuming that increase in length is a 
measure of such energy, and £, represents the energy exhibited 
in regeneration when more than one arm is removed, being the 
number of absent arms, then not only is £, > £, but also Z jz>Z£, 
or E,>x£,, Therefore when we remove arms we increase the 
total regenerative energy by more than z times the amount ex- 
hibited when only one is removed. The force of this statement 
is made especially strong when we consider that throughout the 
experiments the animals received no food supply whatever. 

Expressing the relation in still another way, let us take a 
brittle-star with arms A, B, C, D and £, in which a,, 4,, ¢,, d, and 
¢, represent the respective lengths these arms will attain after a 
definite period of regeneration, supposing that one alone is cut off 
in each case. Now let us suppose instead that the first four are 
cut off, then after this same period of time we get for the regener- 
ated lengths a, > a,, 4, > 4,,¢,>¢,d,>d,. Now in the first case 
mentioned we cannot assume that the stimulus of removal and 
the resultant reaction of regeneration are purely local and con- 
cern only the tissues in the immediate vicinity of the cut surface 
for we then get into difficulty as soon as we try to explain the 
cases where four arms are simultaneously removed. Here we 
find we must add a considerable quantity (7,) to each of the ori- 
ginal single regeneration lengths, ¢. g.,@,=@, +7, Thena,+ 4, 
++ d,=a,+6,+0¢,+d, + R, where R,(= <7,) represents 
the total response of the organism as a whole which must be 
added to the local effects of the operation stimulus. If, on the 
other hand, we consider the influence of the organism as a whole 
on the regeneration of its arms as one of retardation, we must take 
the values @,, 4, c, and d, as representing most nearly the origi- 
nal local stimulus effect. Then without changing the values of 
r,or R, we may rearrange the formule, making a, = a, — 7, 
etc., anda,+6,+¢,+4,=~a,+&4+¢6+4,—R, 

But whether we consider the influence of the organism as a 
whole to be one of acceleration or one of retardation we must 
recognize in either case that the regeneration rate is not a matter 
which involves only the local conditions at the wounded surface 
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as determined by the direct action of the operation. It seems, on 
the other hand, to be bound up with intricate reactions affecting 
the whole character of the activities and organization of the ani- 
mal. A more direct application of the above statements to the 
special theories of regeneration would be out of place at the 
present time. 

We may sum up my results on the rate of regeneration of the 
arms of the brittle-star, Ophioglypha lacertosa, as follows : 

1. There is a definite relation between the, size (2. ¢., age (?) ) 
of the animal and the rate of regeneration of its arms. The maxi- 
mum rate is exhibited by individuals of medium size (with a disk 
diameter of 12to 15 mm.). Both the smaller and the larger ones 
give a diminishing rate as we go away from this point. 

2. The greater the number of removed arms (excepting the 
case where all are removed) the greater is the rate of regenera- 
tion of each arm. 


HuLi Zo6LoGIcAL LABORATORY, 
THE UNIVERSITY OF CHICAGO, 
October 12, 1903. 


COMPARATIVE VARIABILITY OF DRONES AND 
WORKERS OF THE HONEY BEE.’ 


D. B. CASTEEL anp E. F. PHILLIPS. 


INTRODUCTION. 


According to the theory of germinal variation it would be 
concluded that the workers of the honey bee, A/zs mel/lifica, 
being produced from fertilized eggs, would show more variation 
than would the drones which come from parthenogenetic eggs. 
This variation would be manifested by coloration and by relative 
size of parts, and it might be expected that a series of measure- 
ments made on like parts of drones and workers would show a 
smaller degree of variability for drones than for workers. To test 
this fact a series of measurements have been made and the results 
tabulated. 

Owing to the difficulty of measuring the extent of coloration 
on the segments of the abdomen this could not well be used for 
this work, and soa series of measurements on the wings were 
chosen although coloration is practically the only difference 
usually observed between the varieties of Apzs mellifica. 

The wings are also desirable for other reasons. They are of 
classificatory importance in systematic work, do not shrink when 
preserved in alcohol and are easily examined with a microscope 
by simply clipping off the wing and mounting in alcohol ona 
slide. They also give more accurate results since the extent of 
coloration would vary according to the retraction of the seg- 
ments of the abdomen in preserving and it would be practically 
impossible to get the individuals normally extended in all cases. 

The reason for taking up this work was rather indirect and 


should perhaps be stated since the results throw some light on 
a widely separated line of work. Perez? (1878) took an Italian 
queen fertilized by a French black drone, and after some time 
examined 300 drones from this queen. As the queen was pure 


1 Contribution from the Zodlogical Laboratory of the University of Pennsylvania. 
2 Perez, J., ‘‘ Mémoire sur la ponte de |’abeille reine et la théorie de Dzierzon. ”’ 
Ann. Sci, Nat., 6 Sér., Zodl., T. 7, 1878. 
18 
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Italian her drones would also be pure Italian, since they are pro- 
duced from parthenogenetic eggs, and the fact that she was 
mated with a black drone should make no difference. He found, 
however, that 149 of the drones did show some markings which 
he thought indicated hybridism, and from these observations 
rejected the theory of Dzierzon. His results were criticised 
severely and all manner of arguments were used against them, 
atavism, impurity of the queen and other reasons being given in 
explanation. Weighing the arguments of Perez and those pre- 
sented in opposition to. them, however, would lead one to believe 
that Perez had the best of the argument. If then we accept the 
theory of Dzierzon, and it is well established, we must account 
for the results of Perez. 

An examination of a large number of hives has shown us that 
the coloration of the drones cannot be used as a test of their 
purity, and that, therefore, Perez’ work is inaccurate, since he 
used this test as the basis of his argument. Drones from an 
Italian queen fertilized by an Italian drone show gradations in 
amount of coloration of the segments of the abdomen which 
would easily lead one to conclude that some of them were not 
pure, provided the evidence for their purity was not so strong ; 
while at the same time the workers from the same queen show a 
uniformity of marking which is very striking. In the face of 
these facts it is evident that extent of coloration could not be 
used as a basis for investigation in relation to parthenogenetic 
development in the case of the bee. It might also be added that 
the fact of the irregularity of coloration of the drones is wel: 
known to most bee-keepers, and a number of these men have 
stated to us that they do not consider the coloration of the drones 
as in any sense a test of purity. 

This little investigation led to the conclusion that possibly the 
drones showed more variation in other ways than did the work- 
ers, and to test this the measurements here recorded were made. 

We wish to express our appreciation to Mr. E. L. Pratt, of 
Swarthmore, Pa., for material furnished, and especially to Mr. E. 
R. Root, of Medina, Ohio, for material and for many courtesies 


shown during investigations carried on by one of us in his apiary. 
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MEASUREMENTS. 

For the measurements taken in this work we have chosen 
veins and cells which in the bee differ from the typical hymen- 
opterous wing and which are to a certain extent typical of the 
bee in their direction and extent. In this choice we have fol- 
lowed the discussion of the venation of the Hymenoptera of 
Comstock and Needham.' The measurements were: (1) Length 
of vein radius (RX) ; (2) diagonal length of cell radius-four (2X,); 
(3) length of vein media-two (/,); (4) length of medial cross- 
vein (#7); (5) ratio between m and M,, and (6) number of hooks 
or hamuli on the hind wing. An attempt was made to 
measure the angles formed by the union of veins radius-four (2,) 
and radius-sector (Rs), and veins radius-five (R,) and radius- 
sector (Rs), but on account of the difficulty of getting the exact 
angle at which the veins branch these measurements were dis- 
continued through fear of inaccuracy. In all cases right wings 


were measured. The measurements were made from camera- 
lucida sketches, Leitz ocular 2, objective 3 with lower lens re- 
moved and sketch made at table level, this giving a magnification 
of forty-two diameters. In all cases this magnification is retained 
in the tables. 

The choice of the veins and cells measured perhaps needs 
some explanation since each one has certain peculiarities in direc- 
tion or extent. It should be stated, however, that we do not 
think it makes much difference what veins are chosen for a com- 
parison of variations in this case since all our observations show 


1 Comstock, J. H., and Needham, J. G., ‘‘ The Wings of Insects,’’ Chap. III. 
(continued), IX., ‘* The Venation of the Wings of Hymenoptera.’’ Amer. Nat., 
Vol. 32, pp. 413-424, 12 figs., 1898. 
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about the same degrees of variability of the two sexes. Any 
other veins or cells would no. doubt show like variations. 

Length of Vein R.—In the typical hymenopterous wing the 
media (J7) branches from the vein R + Mat a point nearer the 
base of the wing than in Apis. The length of the vein R + WM 
would therefore be desirable for measurement, but from the diffi- 
culty of getting exact measurements this was discarded, and in its 
place we took the measurement from the point where J/ branches 
off from R + M to the point where RX divides into RX, and Rs or 
the length of X, which is therefore shorter than in the typical 
hymenopterous wing. 

Diagonal Length Cell R,,—In the typical hymenopterous 
wing veins RX, and &, are nearly at right angles to the vein from 
which they branch, while in the bee, R, is bent out to about 
135° and &, to 160°. This makes the cell , considerably longer, 
and the diagonal length varies according as the angle R, — Rs 
varies. The measurements were made from the proximal side 
of R, — Rs to the anterior angle of R, — M,. 

Length of Veins M, and m. — In the bee’s wing there is a bend- 
ing in of the veins /, and M, toward the base of the wing with a 
corresponding lengthening and shifting of vein m. This vein 
gives a convenient measurement for the relative length of wing 
since it varies almost directly as the length increases. MM, was 
chosen because it is correlated in its length with m, and forms a 
convenient relative measurement for the breadth of the wing. 

Ratio between m and M,,— As stated above, the lengths of m 
and M, are correlated in their variation, so in order to test the 
relative variabilities of the two veins in drones and workers, we 
computed the ratios between the two—M,:m:: 1:4; x in 
every case being carried to two decimal places. From these 
computations it was found that the variation of m is in inverse 
proportion to that of 1, as will be shown later. 

Number of Hooks on Hind: Wing.— This count was taken to 
see whether the hind wing varied as did the fore wing, and the 
number of hooks served as a conservative test. 

Besides these measurements and calculations we looked for 
cases of abnormal wings in which the subcostal (Sc), radius- 
two (&,) and cubital-two (Cw,) veins might be present, these 
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being absent normally in the bee, and also for all other cases of 
abnormalities in the venation. In none of the wings observed 
were Sc, R, or Cu, present. The other abnormalities will be 
discussed later. 

THe CHoice OF MATERIAL. 

The individuals used were not all taken from the same hive, 
since observations show that all colonies do not vary to the same 
extent, at least in coloration. For this reason it appeared best 
to use individuals from different hives and different strains in 
order to get a more correct idea of the natural variations. In all 
cases individuals were selected at random. The material used 
was as follows: 

DRONES. 

I. Fifty individuals from Medina, Ohio, May 16, 1903. 
Hybrids, Italian and black. 

II. One hundred individuals from Medina, Ohio, May 23, 
1903. Italians (?) from a peculiar strain bred by F. A. Hooper, 
Jamaica, very light in color. 

III. One hundred individuals from same hive as I. May 25, 
1903. 

IV. One hundred individuals from Medina, Ohio. 

V. Fifty individuals from Medina, Ohio, May 9, 1903. 
Italians. 

VI. One hundred individuals from Swarthmore, Pa., August 
20, 1903. Italians from a peculiar strain bred by E. L. Pratt, 
the queen having an entirely yellow abdomen. 


WorKERS. 


I. Fifty individuals from same hive as Drones V., May 9, 1903. 

II. Three hundred and fifty individuals from Philadelphia, Pa., 
August 10,1903. Italians. 

III. One hundred individuals from Philadelphia, Pa., May 15, 
1902. Hybrids, Italian and black. 


LENGTH OF VEIN &. 

The measurement of the length of this vein was found to be 
somewhat difficult owing to the hairs covering the angles and to 
the difficulty of getting the exact middle of the curve at the place 
where R, and Rsseparate. However, with considerable care and 
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the reéxamination of cases showing the greatest variation we 
think the figures are nearly correct. Since the drones varied over 
5 mm. on an average more than the workers and any error in 
measurement could scarcely be more than 1 or 2 mm. we feel 
justified in concluding that in this case the drones vary consider- 
ably more than the workers. The greatest variations were in 
Lot III. of the workers, where the variation was from 32 mm. to 
42 mm., andin Lot VI. of the drones, where the variation was 
from 35 mm. to 48 mm. Lots I. of the workers and V. of the 
drones taken from the same hive at the same time show a range 
of variability in the ratio 8:11. 


TaBLe I. 
VEIN BR. 

Drones. 

38 39 «40 


12| 6 
6) 3 
13 | 13 
a1 3 


si 3 
18) 14 


55 | 40 

Workers. 
3) 4) 28 17) 9) 3 
13/21 65 7870) 71 
Ir | 10} 26) 19, 12| Io 


27 | 35 |102|114 OF 84 


DIAGONAL MEASUREMENT OF CELL &,. 


This measurement being taken in one of the most variable 
regions of the wing shows a remarkable difference in the range 
of variability of the two sexes. The measurement of this distance 
was quite easy since the limits are well marked and easily distin- 
quishable and in no case do we think there was room for doubt 
in the length to more than 1 mm. This fact taken with the 
length makes these measurements a very good test of the relative 
variability. In this region of the wing a very large part of the 
abnormalities were found, so that we conclude that this portion 
shows more variation than any other ; but in spite of this tendency 
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to vary, the workers’ wings were quite constant. The greatest 
range of variation in workers was found to be 13 mm., while the 
least range in drones was 19 mm. The fact that the average 
length of the cell in drones was between 96 mm. and 102 mm., 
while the average length for workers was about 75 mm., will 
however account for part of this greater range since, with a given 
range of variability, the greater the length, the less the actual 
variation. This, however, does not account for the extreme differ- 
ence which we find and in this case again, as in the first set of 
measurements, we find a much greater variability in drones than 
in workers. 









TABLE II. 


DIAGONAL CELL &,. 


Drones. 


Lot. | 75" | 80' | 87'| 89 | 90 | or | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 










; I. I 1] S124 2) 81 3} 44 6 
| II. 1} 2] 6/10} 9! 6\10} 6] 5! 9! 8/13 
| III. I I 1| 3 6| 7 
: IV. 7: 6| §| 8) Siz! n3/a2| 8) 5] 7 
V. £4: 2t 2431 84 84.4 
Wee) 851-81 3 2 24.2 12\1r| 4| 6) 12/13 
ri} rj{|1/ 2) 9/43) 18|19| 1§ | 39| 34| 28! 27| 40/| 50 
Lot tor | ro2| 103 | 104 | 105 | 106 | 107 | 108 | 109 110 | rrr | r22 113") 115 Average. 
i" I.| 2] 2] 3] 3] 4] t1 si 313/32] 101.68 
Ii. |} Oo; 4 I I i 96.49 
III. 7| 8! 9) 9|mri to} 5) 8i 4/6} an [rials 104.14 
IV. | 2) 4] 3] 21 1 I 96.15 
V. | 3) 6) 6) 8) 4 i I 101.98 
} VI. jax} 6] 8) 2| 3] 2) x] aj 98.77 


a 34 | 30 | 29 | 24 | 23/13 14 16 Bi 77 ahha. 
1 No individuals found in columns omitted. 
Workers. 



















Lot. | 69 | 7° m| 72 | 73| 74 | 75 76 | 77 | 78 | 79 | 80 | 8r | & Average. 
I.{21{ 1} 3] 6} 6/22| 7] 3) 6| 3) 1/4 76.36 
Il. | 1 | 10} 18 | 20} 42| 37 | 71 | 62/ 38 | 24/16| 4 | 4 | 3 75.08 
Ill. 1} ©] 3] §| 8) 19| 20/12) 12|16| 2) £ | ___—-76.24 


2 | 12) 22| 29| 53157! 97! 851561 39133171513 
















LENGTH OF VEIN &,, 


This is not a specialized vein, and while it has for its anterior 
boundary the edge of the cell X,, it shows comparatively little 
abnormality. A few cases of extra veins thrown in in the 
region of this vein will be discussed later, but it is located out- 
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side the portion of greatest abnormality of ‘the wing. The prin- 
cipal reason for the measurement of this vein was to get a ratio 
with the vein mz, but as the actual measurements add to the evi- 
dence, it seems advisable to give the table. The greatest range 
of variability in workers was 9 mm., the least for drones 11 mm., 
or, if we drop the two quite abnormal cases in Lot V., gmm. 
Taking into consideration the relative lengths of the average veins, 
34 5 mm. and 45 mm., this makes the greatest variation in workers 
about equal to the least variation in drones, while the greatest 
range in drones is over twice that of the greatest range in workers. 


TaBLeE III. 
VeEIn M, 


1} 


13 





49 | 50} st | 52 | 53 
5|15| 8) 2| 2 
r5|25iar| 8| 1 

6} 3) 2; tI 

32) 3) 44 3} 
14 | 13| 10 15 | 13 


51 58| 32) 27 | 16 





Workers. 


33 34 35 36 
12 19 9 I 
40 64 | 134 | 59 
10 42 22 10 


62 | 125 165 | 7o | 


LENGTH OF CROSS-VEIN ™. 

This vein shows no abnormalities and may therefore be con- 
sidered as entirely outside the region so well marked about the 
cells R, and R,, which shows so much abnormal variation. If it 
be argued that, since the more anterior veins tend to be abnormal, 
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they are not therefore good tests of the comparative variability, 
then, since vein m is entirely outside this area, this measurement 
would serve as an answer to that argument and is in itself a 


sufficient test. As in the case of vein J/,, the measurements of 


this vein were made principally for the sake of getting a ratio of 
variation between two veins which meet at nearly a right angle, 
but as the drones show greater variation than the workers, al- 
though not to so great a degree as in some other cases, and as 
this is a constant vein, we add the table. The greatest range in 
workers is 16 mm., the least in drones 15 mm.; the average for 
workers almost 13 mm., the average for drones 20 mm.; the 
greatest fordrones 23 mm. The average lengths in the two cases 
(72 mm. and 97 mm.) reduces this difference about one third, so 
that the least variable drones are about as constant as the least 
variable workers, but the average range for drones still remains 
considerably greater than for workers. 


TABLE IV. 
VEIN m. 
Drones. 

86 | 87 | 88 


I 


3; 8} 2 
Workers. 
7m 672 
6| 13 
me) ae 
18 
57 
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Ratio BETWEEN MM, AND m. 


To get this ratio the length of the vein m was divided by the 
length of the vein J/, and the division carried to two decimal 
points giving a ratio in the form /,:m::1:2. To get the com- 
parative variability of the two sexes the individuals were tabulated 
according to the values of x and in this tabulation the values of 
x to fwo decimal points were used, but owing to the length of 
such a table we have combined these values and give them ac- 
cording to x carried to one decimal point. This is advisable also 
for another reason ; owing to the relative smallness of the num- 
bers in the first part of the proportion certain columns remained 
empty since, for example, no combination of figures between 32 
and 57 and between 63 and I15 can give a ratio of 1:1.99. In 
order then to get a series of numbers which represents what is 
no doubt more nearly the true scale of ratios, the first table has 
been reduced to a table with x carried to but one decimal point. 
In tabulating these ratios the individuals were not grouped ac- 
cording to lots as in the other cases since we found practically 
little difference between the lots in any one sex. The average 
ratio for drones is 1: 2.06 and for workers 1: 2.08 so that no ac- 
count need here be taken of the difference in averages since it is 
so slight. The range of the values of x for workers is from 1.70 
to 2.34 or.64; that for drones from 1.68 to 2.90, or, omitting one 
wing with a very abnormal ratio, from 1.68 to 2.57 or .89 show- 
ing .25 greater range in drones than in workers. It might also 
be said, since our long table cannot be used here, that. this 
greater range is not caused by a few abnormal cases but that the 
variations are shown by a gradually decreasing number of indi- 
viduals in each value of x in both drones and workers, barring, 
of course, certain values of + which as above mentioned are im- 
possible with the figures worked upon. 


TABLE V. 
RATIO BETWEEN J/, AND m. 
Value of x. : 1.8 1.9 2 2.1 


Drones. $ 51 81 126 89 
Workers. II 53 119 217 
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The working out of these ratios brought to light another point 
which explains this greater range in the values of x in the propor- 
tion. It was found that a certain inverse ratio exists between the 
lengths of m and J, so that the area of the cell zs¢J/7, bounded 
distally and posteriorly by these veins remains more nearly con- 
stant for wings of the same area than do the bounding veins. 
This does not mean that the area of the cell zst//, does not vary, 
for a little calculation shows that it does vary considerably. The 
ratios of the wings for each length of J, were gathered together 
and an average taken of the ratios in each case, with the result 
that we found a relatively constantly decreasing ratio with the 
increase in the length of 17,. The range of these ratios for drones 
was from 1.80 to 2.57, omitting again the one abnormal wing 
mentioned above, and for workers from 1.77 to 2.21, a difference 
in this case of .33 in the ranges of the two sexes. This would 
indicate seventy-five per cent. more range of variation for the 
drones than for the workers and this difference is directly corre- 
lated with the great difference in the size of 7, found to exist. 


Tasie VI. 


RATIOS FOR LENGTHS OF VEIN M,,. 








mm. 32 33 34 35 36 37 38 39 40 41 42°) 43 | 44 


Drones. 2.05 2.57 | 2.43 | 2.35 | 2.25 | 2.28 | 2.16 2.14 
Workers, | 2.21 | 2.19 | 2.13 2,06 | 2,01 | 1.93/| 1.90 1.86 | 1.77 


mm. 45 46 47 48 49 50 5" 52 53 54 55 56 Av. 












Drones. 2.09 | 2,06 2.02 2.03 1.98 2.00 I.gt 1.88) 1.83 1.80 1.79 1.80, 2.06 
Workers. 2.08 





Hooks ON THE HIND WInGc. 


The number of hamuli or hooks on the hind wing which are 
used to fasten the two wings together during flight were used as a 
means of testing the variability of this wing. The examination of 
1,000 wings has shown that this is not the most variable feature of 
this wing, but that far more variation occurs in the breadth of the 
wing and in the angles of the veins which form the cross sup- 
ports. As the area of the hind wing increases the increase takes 
place principally by a widening of the wing although by no 


means entirely by that method. The drones especially show 
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this widened wing, in some cases the width equalling the length. 
It may safely be stated, although no measurements were made 
on this point, that the area of the back wing is more variable than 
that of the fore wing. Since the number of hooks is correlated 
with the length of the wing they do not, therefore, show as much 
variation as would be found on the other parts of the hind wing. 
The least range of variation in number of hooks in workers was 
over seven points, the greatest, ten; the least for drones, nine, 
the greatest eighteen, or omitting one very abnormal wing with 
but twelve hooks, twelve. The relative amounts of variation are 


Fic, 2. 


shown far more clearly here by examining the numbers of indi- 
viduals in each case which have the same number of hooks. For 


the workers the greatest number is 139 individuals which have 
21 hooks while for drones the greatest number is 98 with 22 
hooks, the average number for drones being a little higher than 
for workers. In workers the descent in numbers of individuals 
from 21 is far more sudden than that for drones, which is really 
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the true test of the relative variability far more than is the range 
of variation. 


So far we have discussed the range of variability in each case, 
but a far more important test of the comparative variability is the 
relative centralization of individuals about the average point in 
the table. If, for example, the drones showed exactly the same 
range as did the workers, the fact that in every one of the tables 
the workers show a greater number of individuals with the average 
dimensions, together with a rapidly decreasing number in each 
direction, while the drones show a more nearly equal number of 
individuals over several dimensions on each side of the average 
point, would lead one to conclude that the drones show far more 
variability than do the workers. It is not necessary to go over 
all the tables to point out this fact, but even a hurried examina- 


tion will show the facts as above stated. If, for example, the 
tables were put in the form of curves of variation the workers 
would show a longer and narrower curve in every case than the 
drones, and were these curves expressed in the form of mathe- 
matical formulz the fact would be brought out still more strongly 
that the males in this case show more variation than do the 
abortive females. 

It may be well here to offer some explanation as to why curves 
were not used in this work, since that is the usual method for 
work on variation. It was not the purpose of this investigation 
to work out the law of variation for the two sexes, but merely to 


show which sex did vary to the greater extent. This purpose 
has been fulfilled and is shown in the tables. In order to get a 
true curve of comparative variability it would be necessary to 





COMPARATIVE VARIABILITY IN THE HONEY BEE. 31 


measure many times the number of individuals which were used 
and to extend the observations over a far greater range of varie- 
ties. No curve made with 500 individuals would express the 
true law of variation, nor would ten times that number be suffi- 
cient, and since the formulation of the law of variation for par- 
thenogenetic and fertilized forms for this particular kind of par- 
thenogenesis, arrenotoky; is too important a matter to be based 
on an inaccurate mathematical formula, it seems better to us to 
state simply the fact that greater variation does occur in the males 
and leave the formulation of the law to be worked out with a far 
greater range of observations and measurements. And then, too, 
it is by no means certain that this variation follows any fixed law. 
If the variation were caused entirely by germinal variation, or by 
any other one factor, then it might be assumed that the law of 
this variation could be stated in the form of a mathematical for- 
mula, but as will be shown later, it appears probable that a large 
part of the greater variability of the drones is due to chance and 
is therefore not in accordance with any law. It may be argued 
that variation according to chance is but a way of stating our 
ignorance of the true law, but if there is a law for this variation it 
is certainly very obscure, and the working out of this law would 
require an extremely large number of measurements taken from 
individuals, each one with its life history known together with a 
high degree of mathematical ability in its formulation. 


ABNORMAL WINGs. 


As noted previously, in all wings examined, record was made 
of wings having veins which are not typically found in the bee. 
Fig. 4 shows, in dotted lines, where these abnormalities occur 
most frequently. It is very difficult to record these irregularities 
in any kind of a table, since the irregular veins vary widely in ex- 
tent and do not arise at exactly the same place in many cases. 
An attempt was made to classify these according to the veins from 
which they branch, their extent and direction. Manifestly any 
tabulation must be considered as merely a matter of convenience 
in examination. In this we have recorded cases where a vein 
bends (b in table) from its true course, showing but a tendency 
toward abnormality, as well as the well-marked cases. The ex- 





32 D. B. CASTEEL AND E. F. PHILLIPS. 


tent of the abnormality is expressed roughly in the terms, very 
small (vs), small (s), almost complete (ac) and complete (c). 
The letters used to designate these abnormalities are in no way 
connected with the naming of the normal veins, but are chosen 
merely as a convenient means of marking the irregularities. It 
will be understood that it is impossible to draw at all times the 
same line between, for example, the terms small and very small, 


Fic. 4. 


and the table is of no value except to give an idea of the number 
of cases of abnormalities. 
MALES FEMALEs. 
. 82 b, 32 vs, 109 s, I ac, 2 irregular. 2b. 
. 78, I double s, 4 ac, 6c. 2b. 
. 3 vs, 18 s, 2 ac, 13 c, 2 irregular. 1 b, 3 vs, 45. 
. II b, 27 s, 1 double s, 7 ac, 2 c. 3b, 6 vs, gs. 
. 98, tac, §¢ I b, I vs, 3s. 
J, g. % irregular at anterior end. 2 irregular at anterior end. 
Ak. 5S, 2c, 1 very irregular. none. 
2. none, 2 lost veins ; 1 almost lost. 
Other irregularities, 14. none. 

Deducting the cases where more than one irregularity occurs 
on one wing we have 271 irregular drone wings and 37 worker 
wings. Leaving out of consideration those cases in which merely 
a bend is recorded there are 206 irregular drone wings and 30 
irregular worker wings or almost seven times as many for drones 
as for workers. 

The figure and these tabulations make clear what has been 
said previously about an area of irregularity in the wing. This 
region is rather well defined and no irregularities in venation were 
seen outside it. 

A point which may well be recorded is that none of these veins 
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could be considered as in any sense mutations since there are in 
all cases varying degrees of abnormality indicating a gradual 
variation in the directions indicated. 

No attempt has been made to correlate definitely these ab- 
normalities with any lengths of the neighboring veins, but in a 
general way it can be said that the largest wings of each sex are 
the most abnormal, and this fact explains to some extent why 
the drone wings are so much more abnormal than those of the 
workers. From this it would appear that the cause of these 
abnormalities was the need of extra strengthening of the cells 
as they became larger, and that the irregularities are the result 
of extra growth energy, which has a chance to show itself when 
room is allowed for its manifestation. 


SomE EXPLANATIONS OF THESE RESULTS. 

With these’facts before us it seems desirable to find, if possible, 
some explanations for these peculiar results. As stated in the 
introduction the theory of germinal variation would lead one to 
believe that the parthenogenetic individuals of the bee would 
show less variation than those from fertilized eggs and if there 
were no complicating factors it may be supposed that this would 
be true, but there are certain factors which modify this result so 
that the ratio of variation is exactly reversed. 

In the first place that kind of parthenogenesis in which males 
only are produced (arrenotoky), is not such a specialized form of 
agamic reproduction as are those kinds of parthenogenesis iu 
which females or both males and females are produced. When 
females only result from parthenogenetic eggs (thelytoky), a 
crossing of two lines of heredity seldom occurs and amphimixis 
can bring about little variation. In the case of the Aphids and 
Daphnids we have a similar condition except that once in a year 
or once in some life cycle males also are produced parthenoge- 
netically and then there is an opportunity for the blending of hered- 
itary traits through fertilization. To this last form of partheno- 
genesis the name amphoterotoky is applied. It is thus seen that 
in arrenotoky this mixing of hereditary traits is not dispensed 
with to such an extent as in the cases of thelytoky and ampho- 
terotoky. On the other hand, the production of females par- 
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thenogenetically is of far more use to a species where gamic 


reproduction is unnecessary, since fertilization is not necessary to 
give a stimulus to the egg so that it may develop, and what the 
species loses in lack of cross fertilization is more than made up 
in the advantage it has through its parthenogenetic power. 
Since then arrenotoky is the least specialized form of partheno- 
genesis, and since a crossing does occur at every second genera- 
tion in species with this power, it follows that according to the 
theory of germinal variation we would find more variation in 
arrenotoky than in either thelytoky or amphoterotoky. In fact 
the decrease in variability would not be very great, since in 
every case but one half the crossing is dispensed with. 

Variation in parthenogenetic forms has been observed previ- 
ously. Weismann' found that the parthenogenetic ostracod, 
Cyprus reptans, showed variation, and Warren’ found consider- 
able variation in Daphnids. Both of these cases fall under 
amphoterotoky, so that on a priori grounds we would expect 
still more variation in arrentoky. It is also held by some that 
males tend to vary more than females, and perhaps this tendency 
has something to do with what we find in the case examined. 
Davenport and Bullard,* found 2% per cent. more variation in 
males than in females in swine. Darwin‘ gives a considerable 
number of cases showing the same tendency, and others have 
observed similar facts. On the other hand there are cases in 
the Odonata (Gomphus and Macrothemis, Calvert®) and in the 
Lepidoptera (Zhyreus abdotit, Field), in which the females are 
more variable than the males so that we must not assume too 
much on this ground. 

This still leaves considerable variation in drones to be accounted 


1 Weismann, A., *‘ The Germ-plasm,’’ 1893. 

® Warren, E., “An Observation on Inheritance in Parthenogenesis,’’ P. R. Soc, 
Lond., Vol. LXV., pp. 154-8, 1899. 

3 Davenport, C. B., and Bullard, C., ‘‘ Studies in Morphogenesis,’’ VI. ‘A con- 
tribution to the quantitative study of correlated variation and the comparative varia- 
bility of the sexes.’’ Proc. Am. Soc., Vol. 32, pp. 85-97, 1897. 

4 Darwin, Charles, ‘* The Descent of Man.’’ London, 1871. 

5 Calvert, P. P., *« The Odonate Genus Macrothemis and Its Allies,’’ Proc. Boston 
Soc. Nat. Hist., Vol. 28, pp. 301-332, 1898. ‘‘On Gomphus fraternus, externus and 
erassus (Order Odonata),’’ Entomol. News, March, 1901. 

° Field, W. L. W., * A Contribution to the Study of Individual Variation in the 
Wings of the Lepidoptera,”” Proc. Am. Ac. Sc, Vol. 38, pp. 389-396, 1898. 
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for and the following facts seem to us to help in this. The 
workers in a hive are hatched from cells one fifth of an inch in 
width and the size of these cells is remarkably uniform. On the 
other hand the drones hatch from cells which are generally one 
fourth of an inch in width, but often hatch in worker cells and from 
cells of all intermediate sizes. In the making of the comb under 
natural conditions there are a great many irregular cells formed 
which are transition cells between the worker and drone cells, 
and from these, if used for brood at all, drones are produced. It 
is true that sometimes a worker is produced in a drone cell, but 
this is very rare, provided there are any worker cells in the 
hive. Drone pupz, on the contrary, are frequently seen in 
worker cells and are very noticeable on account of the exception- 
ally high arched cap which the workers put on when the larva 
is sealed up. This then gives to drones a greater amount of 
variation in the room provided for their growth while in the 
plastic state. 

A bee larva will grow until it fills the cell in which it is placed 
and the young bee which emerges will be the size of the cell 
from which it came, within certain limits. This is shown in the 
production of queens by the modern methods of queen rearing 
used in apiculture. A young worker larva, less than one day 
old, is lifted from its cell and put into a cell cup of queen size. 
The workers complete this cup and form a queen cell and the 
larva in this cell grows to a much larger size than would be 
possible if it had remained in its original cell. Once in a while 
the bees will attempt to make a queen from a drone larva and 
while, of course, this is a failure yet the result is a very large 
drone. Generally, however, the drone under these conditions 
dies before reaching the imago stage. These facts show that the 
growth of an individual is limited by the size of the cell and also 
undoubtedly by the amount of food received during the unsealed 
larval stage. Then it follows that since the cells from which 
drones hatch vary from one fifth of an inch to over one fourth of 
an inch in width, while those from which workers hatch are 
quite uniform, that the variation in size will be* considerably 
greater for drones than for workers. 

This supposition is further strengthened -by some of the facts 
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brought out by measuring the wings. Referring again to the 
table of the ratios varying according to the length of vein J/, we 
find that the vein m varies inversely as the length of M7, The 
length of vein m represents the ratio of the length of the wing 
while vein J, represents the ratio of the width. Probably most 
of the drones which have the shortest vein J/, are those hatched 
from the smallest cells and the wings could not increase in width 
and therefore to meet the needs of the animal in making the 
necessary area of wing for flight the vein # must be lengthened. 
On the other hand, those drones hatched from the largest cells 
would be allowed greater room for the development of vein /, 
and vein # need not be so long. 

Another fact which seems to indicate this is that those drone 
pupz which are developing in worker cells are covered over by 
a very high cap, making the length of their cell much greater 
than that of the ordinary drone cell. The drones which hatch 
from these cells are long and narrow when compared with those 
from drone cells proper. 

The drones in Lot II. were taken from a hive in which there 
were no drone cells except possibly a very few in the corners of 
the frame or near the top bar of the frame since all the combs 
were made on what beekeepers call foundation and the cells were 
uniformly of worker size. These drones show the least variation 
since they were all hatched under the same conditions. The 
drones of Lots I. and III. were hatched in old irregular combs 
and the tables show considerably greater variability. 

The greatest number of abnormalities were found on the largest 
drone wings and the throwing in of extra veins is probably caused 
by the necessity for greater strengthening of the wings. Just 
how these extra veins arose is not easy to explain. They may 
be sports, or reversions to an ancestral type, or the result of extra 
growth-energy or caused by the splitting of normal veins so that 
it is rather difficult to say just what factors bring about this extra 
amount of variation. While we speak of these as abnormal veins 
it must be noted that we do not know whether they are really 


abnormal or whether they are but the manifestations of a tendency 


possessed by all bees but which can develop only under certain 
conditions, just as the ovaries of the workers can develop only 
when extra room and food are provided. 
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If then germinal variation will not explain all these variations 
and if we accept the explanation offered as a partial and possible 
statement of the cause, then it would appear that the mere chance 
as to which cell happens to be the receptacle of a drone egg 
determines its variation. While it is probable that even this 
“‘chance”’ is according to fixed law, the fact remains that in any 
event this law is beyond the possibility of formulation from any 
observations except those extending over far more individuals 
than those here used. On this account we consider ourselves 
justified in our tabulation of results rather than in the plotting 
of curves and expression in mathematical formulz, since that 
would be undesirable except with far more measurements and 
with material gathered under conditions better controlled. Our 
tables show the variation as it actually exists in a state of nature 
and the real laws can be worked out only from observations from 
control experiments and this it is hoped will be possible in the 
near future. 


We do not wish to be considered as advocating the inadequacy 


of the theory of germinal variation to explain variation, since 
we have no means of knowing whether these variations can be 
inherited but simply wish to express the facts as we find them, 
and leave the explanation of the bearing of germinal variation on 
this problem for future investigation. 


October 1, 1903. 


EXPLANATIONS OF FIGURES. 

Fic. 1. Fore wing of honey bee, normal. Cells and veins are named according 
to Comstock and Needham. 

Fic. 2. Hind wing of honey bee, normal. 

Fic. 3. Typical hymenopterous wing according to Comstock and Needham. 

Fic. 4. Part of fore wing of honey bee showing (in dotted lines) where acces- 
sory veins were seen to occur in the wings examined. Lettering purely arbitrary as 
explained in text. 





THE OVARIAN STRUCTURES OF THE VIVIPAROUS 
BLIND FISHES, LUCIFUGA AND STYGICOLA.' 


HENRY H. LANE, A.M. 


I. INTRODUCTORY. 


During the spring of 1902, Dr. C. H. Eigenmann collected a 
number of specimens of blind fishes in the caves of western Cuba, 
within a radius of 130 kilometers of Havana. The fishes belong 
to the two distinct but closely related genera, Lucifuga and 
Stygicola, It has been my good fortune to have the oppor- 
tunity of studying the reproductive organs—more particularly, 
the ovarian structures —of these blind fishes, with special ref- 
erence to their method of reproduction. It was discovered 
upon examination of the specimens that they are viviparous,’ 
a fact long known in regard to some of their deep-sea rela- 
tives. Owing to the lateness of the season when they were col- 
lected, unfortunately but one female was pregnant. This one 
measured only 65 mm. in length and contained four foetuses — 
borrowing a term to designate the post-larval stages of the young 
until birth— 18-20 mm. long. These fcetuses were in an ad- 
vanced stage of development, very probably being within a few 
days, or possibly hours, of birth, since a number of young only 
25 mm. long were caught in the water. No other prenatal speci- 
mens having been secured, it has been impossible to study the 
early stages of development. My attention has been particularly 
directed to the ovarian structures of the mature females secured. 
A few of the young specimens, evidently taken not long after 
birth, were also examined. 


I wish here to express my deep sense of obligation to Dr. C. 


H. Eigenmann for his assistance and criticism in the preparation 
of this paper. 


1 Contributions from the Zodlogical Laboratory of Indiana University, No. 58. 
2 Eigenmann, ’03, p. 236, pl. 21. 
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II. Systematic Position oF LUCIFUGA AND STYGICOLA. 

Poey' (60) described these fishes in 1860, giving them the 
generic name of Lucifuga, recognizing them, however, as two 
species, dentatus and sudbterraneus. Later Gill, 63, separated 
dentatus from the other and created the genus Stygicola for it. 
The two genera are different in that Stygicola has teeth on the 
palatines, where Lucifuga has none, and the teeth in the jaws of 
the former are larger than those of the latter. There is also a 
very noticeable difference in the depth of the head at the nape, in 
adult individuals. The two species or genera are however so 
nearly alike that it is only after a prolonged comparison that the 
above technical differences were made out. 

The several species of blind cave fishes, found in Indiana, IIli- 
nois, Kentucky and Missouri, are not related to the Cuban 
species. The latter are descended from marine forms which have 
worked their way through underground channels into the Cuban 
caves. Related genera that still live in the ocean about Cuba 
are Brotula® and Ogilbia* in moderate depths and Bassozetus * 
and Aphyonus® in deep water. 

All of these genera belong to the family Brotulidz, a deep-sea 
group comprising about forty-five genera and one hundred 
species, living mostly in the tropical seas of both hemispheres. 
The two genera under consideration in this paper are the only 
ones found in fresh water. Jordan and Evermann (of. ciz¢., Pt. 
III., p. 2498) observe very properly that ‘* these fishes are closely 
related to the Zoarcidze. In spite of various external resem- 
blances to the Gadidz their affinities are rather with the bien- 
nioid forms than with the latter.” 


III. HustToricat. 


Numerous contributions to our knowledge of viviparity in 
fishes have been made from the time of Cuvier to the present. 

' Lucifuga, Poey, ‘* Memorias,”’ II., 95, 1860 (sudterraneus); Lucifuga subier- 
raneus, Poey, ** Memorias,’’ II., 96, 1860; Lucifuga dentatus, Poey, ‘* Memorias,”’ 
II., 102, 1860; Stygicola dentata, Gill, Proc. Ac. Nat. Sci. Phil., 252, 1863. 

2 Brotula (vid. Bull. 47, U. S. Nat. Mus., Jordan & Evermann, ‘* Fishes of 
North America,’’ Pt. III., p. 2500). 

3 Ovilbia (vid. idem, Pt. IL1., pp. 2502, 2503). 

4 Bassozetus, Gill (vid. idem, Pt. IL1., p. 2507). 

5 Aphyonus, Giinther (vid. idem, Pt. III., p. 2525). 
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Among the most important ones are the following, most of which 
I have consulted in connection with my own investigation : 

Cuvier and Valenciennes, in their ‘‘ Histoire Naturelle des Pois- 
sons,” I., Paris, 1828, have a short general account of viviparity 
in fishes, and mention is made of it frequently throughout their 
work in the description of such fishes as bring forth living young. 
Much of their work has been superseded by the more accurate 
observations of later investigators. 

Rathke, in 1833, published his “ Bildungs- und Entwickel- 
ungsgeschichte des Blennius viviparus odes des Schleimfisches.”’ 
This was long the best paper on the subject. 

In 1844 (Ann. des Sc. Nat., t. 1., 3d series, p. 313) Duvernoy 
published a paper on Pecilia surinamensis, which is frequently 
referred to by more recent writers, but which I have not had the 
opportunity of consulting. 

In 1846, Cuvier and Valenciennes described the genus Axa- 
dbleps, one species of which, A. gronovit, formed the subject matter 
of an important paper by Jeffries Wyman, in the Boston Journal 
of Natural History, Vol. V1., No. IV., p. 432, 1857: I shall 
refer to this article more at length below. 

In 1853, Louis Agassiz (Am. Jour. of Science, XV1., 2d series, 
Nov., 1853) described a new family of fishes from California — 
the Embiotocidz, which embraces the genus Cymatogaster. The 
only species of this genus, C. aggregatus, was studied in detail 
by Dr. Eigenmann, and the results published in the Audletin of 
the U. S. Fish Commission, Vol. 12, p. 401, 1892 (1894). 

Another very important paper, ‘‘On the Development of Vi- 
viparous Osseous Fishes and the Atlantic Salmon,”’ by John A. 
Ryder (Proc. U. S. Nat. Mus., 1885, pp. 128-162, Pls. VI.-XIL.) 
will be noticed frequently below. 

In 1887, Dr. Franz Stuhlmann made a detailed study of 
Zoarces viviparus, Cuv., the results of which he published under 
the title, “‘ Zur Kenntnis des Ovariums der Aalmutter (Zoarces 
viviparus, Cuv.).” 
made below. 


Frequent references to this volume will be 


IV. VivipaRiry IN GENERAL. 





Cuvier and Valenciennes (/oc. cz¢.) give a general account of 
viviparity in fishes so far as known at that time ; but since their 
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statements are now either matters of common knowledge or else 
not in accordance with the facts as revealed by later investiga- 
tions, I shall not speak of their work further. 

Wyman (of. cit.) classifies viviparous fishes into two groups 
“according to the position occupied by the embryo during the 
period of growth. In the first group may be arranged those 
fishes in which the ovum leaves the ovary in an undeveloped state, 
and in which the process of eolution (sic) ts not commenced until 
it reaches the lower portion of the oviduct. The fishes which this 
group comprises are nearly all, if not all, Plagiostomes. The 
best known are Sjpinax, Carcharias, Mustellus, Galeus, and 
Torpedo, . . . Il. Inthe second group those fishes are comprised 
in which ¢he gestation is wholly or in part ovarian, the last stages 
only of the process usually occurring in the oviduct. Among 
the genera included in this division are St/urus, Blennius, Ana- 
bleps, Peecilia and Embiotoca, In all of these genera impregna- 
tion takes place in the ovary, and, as seems probable, while the 
ovum is still invested with its original envelopes.”’ 

Wyman found that each of the foetuses in A. gronovit is envel- 
oped in a separate sac of vascular tissue, much too large for the 
foetus enclosed, the extra space being filled up with an albuminous 
fluid. He seems to regard these foetal sacs simply as extensions 
of those within which the ova were suspended. 

Eigenmann, considering only teleosts, found two types of 
viviparity (of. cit., p. 404); he says: 

‘At least two types of viviparity may be distinguished in 
fishes ; first, those in which the yolk furnishes all the intra- 
ovarian food ; and second, those in which the greater part of the 
food is furnished by the ovary. 

‘In the first type the number of young is not less than in re- 
lated oviparous forms, while the number of young in the second 
is always greatly reduced. . . . The size and development of 
the young in this class (type I.) of fishes at the time of birth is 
of course much less than in the second class of viviparous 
fishes.”’ 

As will be seen, Luctfuga and Stygicola belong to the second 
type of both Wyman and Eigenmann. The number of young is 
small and they are born in quite a mature condition. 





HENRY H. LANE. 


V. Gross ANATOMY. 

For the sake of clearness the following terms will be used in 
the sense here given : 

Oviduct — the single duct leading from the ovary to the uro- 
genital pore. Ovisac—the forward continuation of the oviduct 
which covers the ovary. Ovary —the structure containing the 
eggs. Stroma—the supporting tissues of the ovary itself. 

The term ovary is also used in a general way to include the 
ovisac and the ovarian structures proper. The context in every 
case will determine what is meant. 

In Luctfuga and Strgicola the ovary is enclosed between two 
layers of peritoneum above the posterior portion of the alimentary 
canal. It may extend so far forward as to lie in part even beside 
the stomach. 

The ovary has a bilateral arrangement. Externally it is a 
Y-shaped, bifurcated, subcylindrical organ, whose greatest diam- 
eter is immediately posterior to the point at which the division 
begins (Fig. 1). The two horns lie on the right and left sides 
respectively and may enclose between them the posterior portion 
of the stomach. Interiorly the stem of the Y is divided by a 
median partition with which the ovarian structures proper are 
associated and which extends to near the oviduct, though here 
only the portion attached to the ventral wall is found (Fig. 2). 
From the tips of the ovarian horns slender though comparatively 
strong threads of connective tissue, inclosing blood vessels, run for- 
ward and fasten to the peritoneal walls, thus very securely hold- 
ing the ovary in position. Dorsally, the ovary is attached to the 
peritoneal lining of the body cavity by the mesovarium ; ventrally, 
there is a corresponding attachment, the mesorectum. The ovi- 
duct, which opens externally at the urogenital pore, increases 
gradually in size as it approaches the ovary and finally merges 
into the ovisac, or outer wall of the ovary. 

A somewhat immature specimen shows finely those structures 
connected with the support of the ovary. In it one sees that 
each horn is supported by its own fold or lamina of peritoneum ; 
that these two laminz become united at or near the point of di- 


vision of the horns and are continued posteriorly as a single 


though thicker mesovarium supporting the body of the ovary 
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and the oviduct. Below there is no sign of a mesorectum in the 
region of the ovarian horns, except for a short distance near the 
base of one of them, but posterior to them there is such a mem- 
brane, inclosing several blood vessels, and itself somewhat thicker 
than the mesovarium above. It is also clear from an examina- 
tion of this ovary that, as will be noted more particularly below, 
the egg-bearing tissue, the ovary proper, forms a thick median 
partition in the ovisac. 

The external appearance of the ovary agrees very closely with 
Eigenmann’s description (of. cit., p. 418) of that of Cymatogaster : 

‘‘The ovary is a spindle-shaped bag, divided anteriorly into 
two arms which indicate the bilateral origin of the present struc- 
ture. One of these arms, the left, is usually smaller than the 
other. . . . The ovaries of the two sides have evidently been 
united from behind forward, so that externally only the two an- 
terior horns show the bilateral structure, and one of these horns 
seems to be in process of phylogenetic resorption.”’ 

While there is frequently a difference in the size of the two 
horns in Lucifuga and Stygicola, there is no uniformity in this 
matter. There seems to be no evidence that the right or left 
portion of the ovary is “in process of phylogenetic resorption.” 
Ryder found that in Gamdbusia patruelis ‘the ovary is a simple 
unpaired organ, the greater part of which lies on the right side 
of the body-cavity below the air bladder. . . .”’ 

The size of the ovary varies, of course, with the age and size 
of the female, as well as with the state of development of the ova 
or embryos contained in it. One female of the genus Lucifuga, 
which had a length of 65 mm. and which contained four foetuses 
nearly ready to be born, had an ovary with a length — measur- 
ing to the extremity of the longer horn —of 16 mm., and a di- 
ameter of 8 by g mm. As the foetuses were 18 to 20 mm, long, 
it was not surprising to find that their tails were bent over. An- 
other female of the same genus, 83 mm. long, had evidently 
given birth to young only a short time before her capture and 
had an ovary 12 mm. in length. 


The point of division into the two horns is usually about five 


twelfths the distance from the anterior tip of the ovary to its pos- 


terior end. As already stated, the two horns rarely show equal 
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development, there being always a more or less marked differ- 
ence in size. 

Between the ovisac and the ovary proper there is a lumen of 
varying size. When there are larve present, the ovisac and the 
oviduct are extremely thin and so stretched, especially near the 
close of gestation, that their cellular structure cannot be made 
out with any satisfaction (Fig. 5). Shortly after birth of the 
young they contract and assume the form and appearance found 
in the ovaries of mature but non-pregnant females (Fig. 3). The 
wall of the ovisac is then quite thick, and the lumen very small. 
The histological structure of the ovisac will be described below. 

In non-pregnant ovaries, the stroma is a mass, which, in- 
ternally, has a bilateral arrangement and occupies most of the 
space within the ovisac (Figs. 2, 3). It is, in general shape, 
fusiform with its largest diameter just posterior to the division 
of the ovisac into the two horns down both of which it is con- 
tinued along their median surfaces, forming the prongs of a Y. 
In the middle of the ovary the stroma forms a median parti- 
tion; somewhat posteriorly this partition is cut across (Fig. 3), 
and still further back only the ventral part remains (Fig. 2). 
It has many lobes which are usually somewhat pointed and 
comparatively large and distinct, the indentations sometimes leav- 
ing merely a “neck”’ of tissue to support them. The whole 
stroma at this time is fully distended by the large amount of lymph 
contained in the sinuses described below. Where the ova are well 
advanced they can be seen by the unaided eye in the form of 
opaque dots. When the ova are surrounded by follicles, they 
lie some distance below the surface of the stroma and there is 
a tubular indentation of the epithelial covering of the latter down 
to the follicle (Fig. 7, D). Ina circular space over the egg the 
epithelium is apparently continuous with the follicle. It is only 
on very close inspection that the independence of the follicle can 
be made out. It is then found to be of only a single cell in thick- 
ness beneath the epithelial indentation. A similar position of the 
epithelium was noted by Stuhlmann over the ova in the ovary 
of Zoarces and was called “ Delle’”’ by him. 

The pregnant ovary is quite different in appearance from that 
of a non-pregnant female. A cross-section of the former shows 
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it to be an almost bilaterally symmetrical organ, but without any 
folds or pockets in which the embryos are contained as is the 
case in Cymatogaster' and numerous other species of Embiot- 
ocidez. During the intra-ovarian development of the embryos, 
or rather the development of the foetuses within the oviduct 
of Lucifuga, the ovarian structure proper or stroma which forms 
the thick median partition in non-pregnant ovaries, becomes 
gradually reduced and compressed into a narrow wall (Fig. 5). 
The stroma is much thickened both dorsally and ventrally near 
the oviduct (Fig. 4), where the partition is incomplete, but ante- 
riorly its greatest thickness is near the median plane (Fig. 5). The 
arrangement of the stroma in each horn of the ovary is as in non- 
pregnant ovaries (Fig. 6, 07’.st.). 

The single oviduct runs from the caudal end of the ovary 
proper to open at the urogenital pore. In pregnant females it is 
widely distended for some distance when the fcetuses are well 
advanced, but in the non-pregnant females it is a rather cylin- 
drical, thick-walled, muscular tube with numerous folds or laminz 
on its inner surface, covered with a layer of columnar epithelial 
cells, 12 # in depth. It is not materially different, except as to 
dimensions, from the ovisac described above. Stuhlmann? sim- 
ilarly found the oviduct of Zoarces to be a tube composed of the 


same cell-layers as the ovary, with the exception of the “‘ ger- 


minal’’ and follicular epithelia. 


VI. HistovocicaL Part. 
Il. The Walls of the Ovary or Ovisac. 

The following system will be used to facilitate cross references 
to the descriptions of the various ovaries. Each ovary will be 
referred to by a letter, 4, B, C, etc., the meanings of which are 
as follows : 

A represents a female of the genus Stygico/a with a length of 
95 mm. 

B represents a female of the same genus, but with a length of 
128 mm. 

C represents a female of the genus Lucifuga, length 87 mm. 


1 Eigenmann, of. cit., p. 418. 
20p. cit., p. 10. 
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D and E represent females of the same genus with a length of 
83 and 65 mm. respectively. was pregnant; the others were 
non-pregnant. 

An examination of the ovisac and oviduct reveals quite a range 
of variation, depending in the main upon the condition of preg- 
nancy or upon the length of time that had elapsed since the close 
of that period. 

In the ovary of D, which had not been pregnant at all, or at 
least for so long a time that the ovarian structures had regained 
their normal form, the wall of the oviduct and the ovisac is from 
100 to 150 # in thickness at different places. Structurally, the 
ovisac consists of at least four cell-layers. The outer, a sinuated, 
peritoneal layer, immediatly beneath which there is a thicker layer 
of longitudinal muscle fibers ; below this there is another some- 
what thicker transverse band of muscle fibers ; on the inner sur- 
face there is an epithelial layer containing numerous capillaries. 
This will be described in detail below. The nuclei of the longi- 
tudinal band are rod-like in appearance ; the nuclei of the second 
muscle layer appear more nearly round, being evidently the cross- 
sections of nuclei of the same form as those in the longitudinal 
band. The innermost layer of epithelial cells has nuclei oval or 
round in shape, while the peritoneal layer shows few nuclei, but 
those which do appear are rod-shaped in section. Quite numer- 
ous capillaries are found between the cells of these several layers 
and in some places there are large blood vessels. 

In the ovary A from a female which had evidently given birth 
to young but a short time previous to her capture, the ovisac 
measures only 15 to 20 4 in thickness. Structurally it con- 
sists of four or five thin cell-layers, between which there are 
anastomosing capillaries. The outermost layer consists of peri- 
toneum, the cells of which are very much elongated and com- 
pressed. The muscle fibers beneath are mostly transverse and 
of the non-striated type. The inner layer is epithelial and is 
also much compressed. The nuclei of the muscle-fibers are long, 
narrow, rod-like structures which stain deeply, as would be ex- 
pected, with hematoxylin : the nuclei of the epithelium are oval 
in form. The condition of this ovary does not permit me to go 
into greater detail. 
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In the ovary of the pregnant female 4, whose young were 
almost ready for birth, the ovisac is thinner than in the case just 
described. The different cell-layers can scarcely be distinguished, 
though where the cells themselves are visible, the nuclei in section 
have the rod-like form mentioned above. The capillaries have 
mostly disappeared, apparently being closed by the crowding to- 
gether and stretching of the cellular structure ; but in places one 
comparatively large vessel appears, containing two or more rows 
of corpuscles, side by side. At this place the wall is enlarged 
somewhat to accommodate the vessel. 

In the ovary of C, which contained ova quite well advanced, 
the ovisac is very similar to that described for D. But in some 
portions of this ovary the muscle layer is restricted almost 
entirely to longitudinal fibers, the transverse layer being much 
reduced. Capillaries penetrate freely through these muscle 
layers in all directions ; those in the lining epithelium are larger 
than those in the other specimens already described. 

In the ovary of B the ovisac is similar to that in C, but the peri- 
toneal covering is not so distinct ; there is the same arrangement 
of muscle-fibers — the outer longitudinal and the inner transverse, 
the latter being muchthe deeper. The innermost epithelial layer 
is composed of ‘‘ pavement” cells with quite large distinct nuclei. 
Numerous capillaries are found in this inner lining. 

Compare in this connection Eigenmann’s description of the 
ovarian wall in Cymatogaster (op. cit., p. 418) : 

‘* The ovarian walls are composed, first, of the thin peritoneal 
membrane ; second, of a layer of longitudinal muscle fibers ; 
third, of a layer of circular muscle fibers, inside of which there is, 
in places, a layer of longitudinal fibers ; fourth, of a very thin layer 
of cells with flattened, deeply stainable nuclei ; fifth, of a layer of 
epithelium. This layer is derived from the peritoneum.” 

Stuhlmann found the ovarian wall in Zoarces to have a toler- 
ably deep, non-striated, muscle layer, the fibers of which were 
closely packed together next to the peritoneal covering, but 
toward the lumen they were split apart by numerous sinuses 


containing biood vessels. The oviduct was similarly composed, 
except that there were few if any clefts between the fibers and 
there were fewer blood vessels. 
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The unique feature in the ovisac as well as in the epithelial 


covering of the stroma of Lucifuga and Stygicola is the presence 
of capillaries in the lining epithelium (Fig. 8). So far as could 
be determined this condition has never been observed in the ovary 
of any other form. So numerous are these capillaries that they 
attract attention at the first glance. The epithelium itself is often 
reduced to extreme thinness, sometimes serving merely as a mem- 
brane to contain the blood. 


VII. Tue Ovary. 


The ovarian structure itself is highly vascular and much lobed. 
There is a tendency in some instances for these lobes to be ar- 
ranged in a bilaterally symmetrical pattern, when seen in cross- 
section, though this is not equally evident in all ovaries or even 
in all parts of the same ovary. The ovarian structures of the 
different specimens examined, while presenting numerous points 
in common, are yet characteristically different in every case. 

The ovisac of A had but recently contained young, to judge 
from its extreme thinness ; the stroma was so large that it gave 
promise of containing embryos. Instead of that condition, how- 
ever, it was found that the large size was due to the mass of 
stroma which is composed in part of highly vascular tissue. 
Numerous blood vessels penetrate the stroma in all directions — 
while around the ova themselves there is a network of capillaries. 
The greater portion of the stroma is split up into numerous 
sinuses, many of which are larger than any of its blood vessels. 
These are closely similar in appearance to the “ lymph-spaces ”’ 
described by Stuhlmann (of. c¢., p. 19) for Zoarces and no doubt 
serve the same purpose (Fig. 7, /.s.). 

The ova of A are few in number, less than ten over 60/ in 
diameter appearing in any cross-section. Five or six ova are of 
quite large size, visible even to the naked eye, and measuring 
from 300 to 8004 in diameter. They have a large amount, 
proportionately of yolk-substance. The smaller ova are about 
50 to 604 in diameter, and are of the usual appearance of 
ova of that size. The cells of the stroma in this ovary are very 
irregular in shape, indistinct in outline, and usually of inconsid- 
erable size. The nuclei are round, oval, or elongated, appar- 
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ently influenced as to form and shape by the cell-body. The 
entire surface of the stroma is covered by a layer of epithelium, 
with a depth of 1oto 15y. The nuclei of these epithelial cells 
appear quite distinct, are of a comparatively large size, and are 
round or oval in shape. 

By far the largest amount of space in this epithelial layer is 
given up to the numerous capillaries contained in it. They are so 
numerous that, in cross-section, they appear as a row of large per- 
Forations, there being no more than a scant cell thickness between 
them. The average diameter of these capillaries is less than 
eight micra, in many instances being only five micra. This con- 
dition is comparable to that described above for the ovisac and is 
also unique (Fig. 8). 

The ovarian stroma of 4, which contained the mature foetuses, 
has been squeezed and crowded into a median position by the 
young (Fig. 5). The cellular structure resembles that of the 
ovary just described, except for such variations as would be 
caused by its closely packed condition. The capillaries of the 
epithelial layer, covering its surface, are not so numerous as in the 
ovary of A, but are of larger size. The larger blood vessels are 
more nearly cylindrical in form and have their walls more thick- 
ened than have those in the first ovary. The lymph-spaces in 
this ovary are compressed by the foetuses and temporarily elimi- 
nated. 

Quite different in appearence from either of the two just de- 
scribed, though somewhat intermediate between them in some 
respects, and more advanced than the first in others, is the ovary 


of D. In this the ovarian stroma has not so many nor such large 


lymph-sinuses as A, but on the contrary has more nearly the ap- 


pearance of that in /, from which it differs conspicuously, how- 
ever, in not showing a ‘“‘crowded”’ appearance, and in having quite 
numerous ova of various sizes, though none of the latter are so 
large as those of A, and in many cases are grouped together in 
‘‘nests’’ in a way largely unknown in 4d. The blood vessels are 
comparatively numerous, large and quite thick walled. The 
capillaries in the epithelial covering of the ovary — so conspicu- 
ous is that of A—are so few in this case as to be visible only 
when carefully searched for. The cellular structure near and 
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next to the surface is dense and without important sinuses. The 
outlines of the cells are very indistinct, but the nuclei are alto- 
gether similar to those of the ovaries previously described. 

The ovary of C approaches more nearly to the condition of A 
than has any of the others; but it differs very characteristically, 
since in many places it contains ‘ nests”? of ova much more con- 
spicuous than any seen in 4, while the largest ova in this speci- 
men are larger than those in A. The ovarian structure itself, 
while evidently of the same character as that of A, does not con- 
tain quite so many lymph-spaces, and the walls of the sinuses are 
somewhat thicker and denser. 

The ovary of & is almost exactly in the same stage as that of 
A. It differs from C in that the egg-nests have given place to 
single ova of considerable size and greater development than 
most of those in the latter. 

It will be noted that the “nests” of ova are conspicuous in 
Lucifuga, though inconspicuous or lacking in the specimens of 
Stygicola examined. Whether this is a constant distinction can 
only be determined by the examination of more material than I 
have in hand. 


VIII. Btoop Supply Tro THE Ovary. 


A small artery, with a diameter, in different ovaries, of 20 to 
75 4, enters each horn of the ovary and runs back near the 
inner surface of the horn. In the main portion or body of the 
ovary, the two arteries occupy parallel courses near the center, 
separated by perhaps one third the diameter of the ovary. Since 
none of the specimens at hand were injected, the course of these 
arteries could not be traced except in a general way. But it is 


plain that they extend posteriorly in a tortuous course through 


the ovary and give off numerous branches, which find their way 


to or toward the surface, where they form the capillaries so dis- 
tinctly visible in some of the ovaries in the epithelial covering. 
The blood from the epithelial capillaries of the anterior half of 
the ovary is collected by veinlets, frequently quite large and dis- 
tinct in the vicinity of the larger ova, which join to form larger 
veins that pour their contents into the chief vein of the ovary at 


the “‘ horseshoe bend”’ (infra). This largest vein has two branches 
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(one going out by either horn) which are united near the point 
of division of the ovarian horns, forming a single ‘‘ horseshoe’’- 
shaped vessel. The veinlets which return the blood from the 
posterior part of the ovary collect into one vessel which joins the 
right horn of the “horseshoe” at a considerable distance in 
front of the fork of the ovary, after running above and parallel 
to the portion with which it unites, for the distance, in one speci- 
men at least, of nearly 2 mm. 


It quite frequently occurs that red-blood corpuscles are pres- 


ent in the ovarian sinuses of Stygicola and Lucifuga, though their 
presence may be due to accident. As indicated elsewhere, these 
sinuses are very probably filled with a plasma or lymph. 


BIBLIOGRAPHY. 
Agassiz 
’53 (Embiotoca.) Am. Journ. of Sci., Vol. XVI., 2d ser., Nov., 1853. 
Cuvier et Valenciennes. 
’28 Histoire Naturelle des Poissons. Paris, 1828. 
Duvernoy. 

’44 Observations pour servir 4 la connoissance du développement de la Peecile de 
Surinam (Peecilia surinamensis). Ann. des Sc. Nat. Zodlog., sér. III., T. 
1., 1844. 

Eigenmann. 

’92 Cymatogaster aggregatus Gibbons; A Contribution to the Ontogeny of Vi- 
viparous Fishes. Bull. U. S. Fish Commission, Vol. 12, p. 401, 1892 
(1894). 

Eigenmann. 

’97 ~Sex-Differentiation in the Viviparous Teleost Cymatogaster. Archiv f. Ent- 

wickelungsmechanik der Organism, Bd. IV. Leipzig, 1897. 
Eigenmann. 
’03. The Freshwater Fishes of Western Cuba. Bull. U. S. Fish Commission, 
for 1902 (1903), pp. 213-236 (3 pls.). 
Gill. 
763 Stygicola. Proc. Ac. Nat. Sci., Phila., 1863, 252. 
Girard. 
758 Explorations and Surveys for a Railroad from the Mississippi River to the 
Pacific Ocean, 1V., Fishes, 1858. (Embiotoca. ) 
Jordan & Evermann. 
’98 Bull. 47, U. S. Nat. Mus., Fishes of North America. 1898, Pt. III. 
Ludwig. 


’74 Uber die Eibildung im Tierreich. Arb. Aus dem zodlog-zodtom. Inst. 
Wiirzburg, Bd. I., 1874. 
Poey. 
’60 Memorias, II., Havana, 1860. 















































































































































































































54 HENRY H. LANE, 







Rathke. 
733 Abhandlungen zur Bildungs- und Entwickelungsgeschichte des Menschen 
und der Tiere, II. Leipzig, 1833, I., Abth.: Bildungs- und Entwickelungs- 
geschichte des Blennius viviparus oder des Schleimfisches. 61 pp. 
Ryder. 
’85 ‘*On the Development of Viviparous Osseous Fishes, etc.’’ Proc. U. S. 
Nat. Mus, 1885, pp. 128-162, Pls. VI.-XI. 
Stuhlmann. 
’87 ‘*Zur Kenntnis des Ovariums der Aalmutter (Zoarces viviparus, Cuv. 


lab, LV. (1887 


i). 






Wyman. 


’57. Observations on the Development of Anadleps gronovii. Bost. Journ. of 
Nat. Hist., Vol. VI., No. IV., 1857. 


The paper by William Wallace, B.Sc., ‘‘Observations on Ovarian Ova and Folli- 
cles in certain Teleostean and Elasmobranch Fishes,’’ Quart. Journ. Micr. Sei., 
XLVII, (July, 1903), pp. 161-213 (3 pls.), was not seen by me until after my paper 
was in the Editor’s hands. 


EXPLANATION OF PLATES. 








Fic. 1. External ventral view of the ovary of Stygicola. Portions of the peri- 
toneal covering are visible along the sides. 

Fic. 2. Cross-section of ovary near the beginning of the oviduct proper. Two 
large ova at the sides. 

Fic. 3. Cross-section of non-pregnant ovary with stroma in two lobes — one dorsal, 
the other ventral, 

Fic, 4. Cross-section of pregnant ovary. The section is made through a region 
corresponding to that of Fig, 3. 

Fic, 5. Cross-section of pregnant ovary through the middle portion. The ovisac 
collapsed when the foetuses were removed. 

Fic. 6. Cross-section of pregnant ovary through the horns. 

Fic. 7. A portion of a cross-section of a non-pregnant ovary, showing a part of a 
large ovum (v) surrounded by its follicle (7.c.) ; the epithelial covering of the stroma 
dips down, forming a tube to the ovum (2). Bausch and Lomb one sixth objective ; 
2-in. ocular; tube length, 160 mm. 


Fic. 8. Portion of the epithelial covering of a non-pregnant ovary showing the 


capillaries (cfs.). Bausch and Lomb one twelfth objective ; 1-in. ocular. 
a. anterior, mr. mesorectum. 
cps. capillaries. vg. ovum. 
A dorsal, ovs, ovisac. 
D. the “* Delle.”’ ov.st. Ovarian stroma. 
fi.c. follicular cells. p. posterior. 
lymph sinus, v. ventral, 
mov. mesovarium. 


All drawings by the author; outlines made with Abbé camera ; details put in free- 


hand but with the closest possible regard to accuracy. 























